The literature dealing with secondary carbonates in loess-paleosoil sequences is in many cases ambiguous, which means that different concepts are used for the same features, whereas certain concepts referring to different types are used as collective nouns. The aim of this study is to give a review on this nomenclature and to draw comparision between the various types and concepts. As a main guiding principle the article of Becze-Deák et al.
Introduction
Research into secondary carbonates in the loess-paleosoil sequences is of great importance, because it provides detailed information on the paleoenvironment, especially on the former moisture conditions. The different secondary carbonates demonstrate fine paleoenvironmental signals. With their help, not just the aridity or humidity of the former climate can be deduced but hereby the extension and intensity of the leaching processes. * E-mail: gabriellabarta86@googlemail.com Although the appearance of secondary carbonates is commonly documented during field work, due to unclear nomenclature they aren't correctly determined in many cases. Frequently their paleoenvironmental role is still less recognized. The primary aim of this study is to give a review of the terminology and to draw comparisions between the various types and concepts using the article of [3] as a guiding principle. The terms and concepts introduced by their work are exact, referring to the certain separated secondary carbonates and are of decisive importance with a view to the paleoenvironmental reconstruction. The secondary aim of the study is to concentrate on the changes in the terminology and literature after the publication of the paper of [3] . Besides the microscale carbonate accumulations this study focuses on the macroscale secondary carbonates as well.
The common analysis of the different types of the secondary carbonates could be a useful tool in micromorphological research. The primary carbonate content of loess derives from the contemporaneous settlement of calcite and dolomite particles with dust [27, 28] , while secondary carbonates originate from the vertical, horizontal or in situ resettlement of carbonates during pedogenesis in the soil-sedimentary environment [2] . In the formation of secondary carbonates different processes have a great role: the flow of bicarbonate soil solutions, biomineralization, weathering of mollusc shells, bacterial activity and even the weathering of feldspars or other Ca-bearing minerals (the released calcium ions combine with soil or groundwater CO 2 to form carbonate minerals [13, 28] ). During dust accumulation the soil development was unbroken, but inhibited by the higher sedimentation rates. Nevertheless the secondary carbonates remained in the deposits [2, 3] .
The CaCO 3 content of secondary carbonates is mostly present in two forms: calcite and aragonite [13] . Aragonite is a metastable form of CaCO 3 , which tends to recrystallize in the form of low-magnesium calcite (but in some cases it survives as aragonite). It could also be the explanation why many microscale secondary carbonates are composed of low-Mg calcite [2, 13] . The components of the secondary carbonates can be classified into three different size ranges from the micromorphological point of view: 1.) micrite with less than 5 µm long carbonate crystals, which cannot be separated individually under a petrographic microscope; 2.) microsparite, between 5-20 µm in length; 3.) sparite, more than 20 µm in length, the individual morphology of which can be observed under the petrographic microscope [2, 3] .
It is more useful to use the name paleosoil instead of paleosol. According to prof. Roger Langohr (personal communication) the syllable "-sol" should be used for the determined soil types like Vertisol, Andosol, etc. In the case of former soils, which are in many cases not so obvious to determine correctly the name "paleosoil" should be kept.
Buried soils indicate a feedback to the stable period of the surface, when sedimentary rates of dust accumulation were low with optimum conditions for biota. When the velocity of the sedimentation is low, the sediment layers seperating the soils might be missing. It denotes the possibility of the development of abnormally thick humus horizons, referring to two or more phases in the pedogenesis. During denudation, soil horizons can be eroded, nevertheless the traces of soil development can be followed in the sediments. The higher dust accumulation rates cause changes in the bioclimatic conditions, which means that henceforth not enough time remains for complete soil development [34] .
The classification of paleosoils can be very difficult, because when their genetic marks are modified or missing due to postformational processes a correct classification is not always possible. Nonetheless the micromorphological characters show the dynamics of the sediment system and a comparison can also be drawn between the recent and former climate. For example some cryogenic microstructures observed in paleosoils are now originating under arctic climate: from this analogy it may be possible to deduce the climate of the past from the recent conditions. The development of loess-paleosoil sequences is very complex, in many cases inheriting the effects of local climatic changes. For example, the appearance of manganese and/or ferriferous pedofeatures (also on the surface of secondary carbonates) refer to changes in the drainage conditions or indicate the fluctuation of the groundwater table [18, 19] . Extensive leaching and vertical redistribution of carbonates may lead to a diagenetic overprinting of paleosoils higher up in the stratigraphic sequence which causes deceptive changes in the paleoenvironmental signals -unless the microstratigraphic relationships are recognised and interpreted [19] .
Secondary carbonates have various types e.g. calcified root cells, hypocoatings and carbonate coatings indicating different environmental conditions. Their introduction and analysis could be a very useful tool for paleoenvironmental reconstruction and morphological/micromorphological analyses. The literature on secondary carbonates is in many cases ambiguous, which means that different concepts are used for the same features, whereas certain concepts referring to different types are used as collective nouns (see also table 1). For calcified root cells [3, 16] the following terms are used: root petrification [21] , rhizolith [30] , pseudomycelia [4] . In some cases needle-fiber calcite [36] is also termed as pseudomycelia [24] or pseudomycelium [23] . Based on their description in the literature rhizoliths [24] , root tubules [21] and pseudomycelium [12, 20] are equivalent to hypocoatings [3, 6, 17, 33] . The aim of this study is to give a review of this nomenclature and to draw comparisions between the various types and concepts. paleosoils, because the micromorphological contents are more resistant, not like other marks which could easily be modified after the soil is buried. The types and distribution of secondary carbonates may help to recognize and categorize the character and environment of the pedosedimentary processes.
The microscale secondary carbonates pertain to the special microecosystem of the rhizosphere. The roots of some plants (mostly grass species) undergo calcification and form calcified root cell structures. Other plant species or in different formation environments the suction effect of the roots causes precipitation of hypocoatings from the supersaturated solutions, while carbonate coatings provide information on the leaching processes. Through the consumption of calcareous soil and organic tissues earthworms excrete calcite spheroids. Through fungal biomineralization, needle-fiber calcite originates in the pores of the soil matrix. These features provide valuable information on the moisture conditions of the paleoenvironment but no data about the changes of the temperature of the environment [3, 15] . This study follows the proposition of nomenclature intoduced by [3] and deals with the same designations comparing it with a wider literature.
Calcified root cells (CRC)
According to the nomenclature of [3] the term calcified root cells is chosen for the interpretation of these root related microscale secondary carbonates. The authors adopted it after [16] , who also used it during the examinations of root biomineralization in calcareous soils. This term could be used very practically, because it determines exactly the requested pedofeatures and does not classify it under collective terms (e.g. rhizoliths by [21] ; see table 1) or confuses it with them. In many cases it happens that the collective term rhizolith is taken to refer to the calcified root cells, whereas it doesn't go strictly together with a precise determination. The use of the term calcified root cells is proper, because it describes the correct morphology. It would be recommended to adopt it widely also from the paleoreconstructional point of view, because just by using a collective term (like rhizoliths) the precise paleoenvironmental signals cannot be determined.
Calcified root cells (CRCs) are pore infillings with a diameter of 1 mm on average and build straight or curving channels in the mean length of 1 cm (Fig.1) . CRCs are prominent among the calcareous loess with their bright white colour, and in many cases they have a less then 1 mm thick brownish decalcified rim [3] . CRCs consist of elongated angular calcite crystals, merging into tubes (Fig.2 ), but they can appear as densely packed individual crystals also. In cross-section they show a ring structure with an empty hole inside. The cells can undergo dissolution showing irregular shapes with micro dissolution forms (e.g. etching pits, like on Fig. 3 ) on their surface (visible only at great magnification). These CRCs have a diffuse boundary to the soil matrix [3, 20] . The size of certain cells vary between 30-125 µm with averages of 60-80 µm. Their shape is slightly rounded, characterized by a subangular polyhedral shape with smooth edges [16] . Calcified root cells join closely together with uneven faces of skeletal crystals, where in places remains of the original organic cell walls are also preserved. Scanning electron microscope images show that every cell contains one skeletal calcitic crystal, reflecting the shape of the former cell perfectly. The internal part of these skeletal crystals includes several spherical bodies, which include nuclei on the cell walls. The spheroids consisting of individual prismatic crystals are arranged radially [24] . Calcified root cells consist mostly of calcite or low-magnesium calcite [16] .
In calcareous material they are often surrounded by hypocoatings of a few mm thickness. During redeposition CRCs can be broken and remain isolated like individual crystals. The undisturbed calcified root cell tubes are well divided into different cell layers, which take the shapes of tablets, polygons, ovoid-cylinders and again tablet form from the outer wall towards the hollow inner part of the channel [3] . According to the interpretation of [3] this type originates from the biomineralization of the roots and indicates a specifically dry formation environment. They are derived at the same time as the dust accumulation and they indicate patchy vegetation. At present the CRC-formation is mostly observable under a climate with Mediterranean moisture regime, with specifically warm and dry summers, and also in arid areas. The name rhizolith is used as a collective term for the organo-sedimentary structures which result in the preservation of roots, or remains of mineral matter. This term is offered to apply to the accumulations around the roots of higher plant species and for the carbonate accumulations or cementation structures within the roots, respectively [21] . In cross section rhizoliths are circular with diameters ranging from 0.1 mm to about 20 cm (decreasing with the depth) and bifurcating downwards. Their micromorphology and structure depends on the position in which the calcification occured in the rhizosphere. The calcification process could involve the cementation of the soil material surrounding the living roots, or due to these processes voids could be filled with cement after the death of the roots and the calcification of the root tissues [12] . For detailed description and comparision among subtypes please see table 1 Root petrifications [12, 21] are equivalent to calcified root cells, because this form originates from the impregnation of plant organic tissues or from their mineral replacement by calcite or silica (while the original anatomic properties of the roots are preserved).
The process and physiology of root calcification
Previously an indispensable role was considered for certain bacteria and fungal hyphae besides the organic acids and evapotranspiration in the calcification process of roots [21] . The surface of the roots and the adhesive water film are surrounded by a double ionic layer. In this layer the root possesses a strong negative charge, compensated by the encircling positive ions (mostly H + ). The consequence of the great H + concentration is that the minerals surrounding the roots start to get weathered and they liberate substantial nutrients. Those Ca 2+ -ions, if they cannot escape from the rhizosphere, conduce calcification of root cells [21] .
The calcification of roots presumably intensifies the rise of protons from the Ca 2+ and 2H + exchange. The protons flowing from the roots to the rhizosphere cause an acidic medium, which provides good conditions for the more efficient nutrient uptake. It means that the calcification of the cortical cells of the roots acts like a proton generator: the increased proton secretion helps the plants to get the less soluble, hardly available nutrients, and also those which are present only in limited amounts. The precipitation of CaCO 3 in the root tissues can also provide protection against elevated calcium or bicarbonate concentration of the soil solutions [22] . Plants living on alkaline soils can choose carbonate secretion as a survival strategy. Evaporation causes calcification within the cell walls of the roots in the rhizosphere [26] .
Based on examinations of strongly calcareous soils the CaCO 3 content of the soil matrix is released from the H + /HCO 3 − exchange and the secretion of organic acids. The roots take up the liberated calcium ions and adsorb them within the cells, where they can precipitate as CaCO 3 : this is the explanation for the origin of the 95% mass of the calcified root cells. The mineralization of the outer wall of the cells is connected with the plasmolysis [3] .
Calcification occurs not just during the life of the plant. When the root dies and starts to decay, proteins and sugars are liberated causing alkaline pH in the surrounding rhizosphere. When calcite precipitates on the surface or inside the decaying root, the anatomical marks can also be preserved and the recrystallized root will act like a perfect imitation of a living one [21] .
Though a detailed presentation of stable isotopic data is beyond the scope of this work, nevertheless it is worth mentioning, that according to the most recent stable isotope studies the carbon and oxygen isotopic composition also supports that the calcite crystals could have been precipitated inside the root cells from fluids with organic compounds [24] .
As a summary it can be established that root calcification is a complex process, in which organic acids and evapotranspiration also play a great role. Calcification intensifies the nutrient uptake and in addition, in certain environments works like a protection strategy. Calcification can occur not exclusively during the life of the plant but after its death as well. Two different kinds of calcification processes can also be distinguished [22] : rhizosphere calcification (accumulation of CaCO 3 in the area immediately surrounding the plant roots and influenced by the roots, respectively) and intracellular calcification.
Hypocoatings (HC)
Hypocoatings are CaCO 3 impregnations around the pores of the soil matrix. In loess deposits the size of these pedofeatures is a few mm in diameter and usually less than 1 cm in length (Fig. 4) . Hypocoatings are generally composed from micritic or microsparitic crystals [3, 12] , (Fig. 5 ).
To their origin, two main hypothesis is connected. The first is related to the metabolism of the roots, where precipitation has a direct influence on the environment, i.e. a dense micrite growth is going to surround the root remnants. In the local environment of the roots the CO 2 pressure is high and very likely the desiccating soil solutions are going to release CO 2 , which leads to a relatively rapid crystallization of dissolved calcium in the form of micrite. Consequently hypocoatings form around the pores penetrated by roots and are presumably related to precipitation from percolating soil solutions due to the root-suction [37] . The second hypothesis raises two main possibilities on the origin of HCs: 1.) evaporation of Ca-rich solutions from the soil matrix; 2.) carbonate precipitation from the soil solutions entering the soil matrix or percolating along the pores. Until now the conformity of these two hypoth-esis was not proved nor denied [3] . [35] described micritic hypocoatings from the waste heap of bauxite process, which could have been precipitated through the several desiccation and moisture cycles: the calcite content of the hypocoatings is a result of crystallization from the drying face of the void.
Hypocoatings and carbonate coatings are such pedofeatures, which are related to natural surfaces of voids, grains and aggregates in the soil matrix [33] . Hypocoatings may have been originated from the direct impregnation of the soil material, or by the saturation of the surface zones of microporous grains or by depletion of certain chemical compounds [6] . They are categorized among the matrix pedofeatures, referring to a natural surface in the soil directly adjoining it [33] . Hypocoatings from loess-paleosoil sequences are often described as pseudomycelium in the field [12] , which could also be misleading (please see table 1 for the similar terms with different meanings). Quasicoatings are also related to natural surfaces of voids, grains and aggregates, but not immediately adjoining them (occuring at some distance from the surface; [6, 33] ). Their origin may be connected to the partial dissolution of hypocoatings [12] .
In loess deposits already Richthofen [29] described tubes cemented with carbonate, which are probably responsible for the capillary structure of the strata. The location of these tubes in the sediments is mostly vertical; they often ramify and occur also around roots. No data of size are available, but based on the description this type could presumably be equivalent either to a subtype of rhizolith structures or of hypocoatings.
Rhizocretions and rhizoconcretions mostly refer to the cementation around the roots and they do not go strictly together with the preservation of the anatomical marks [21] . Rhizocretions may be equivalent also to the macrohypocoatings (as identified by [2] ). Macro-hypocoatings are carbonate accumulations occuring along root channels with equal thickness and opened central channel.
Thin tubes composed of micritic carbonate cementations, which can also be filled with calcified root cells, and irregular concretions with a hollow middle channel are called rhizocretions by [4] , although it seems rather to be equivalent of hypocoatings.
Hypocoatings cannot be equivalent to calcified filaments or rhizomorphs. Rhizomorphs are root-like structures, whose origins are connected with fungal hyphae ( [21] , see also table 1); while calcified filaments are composed of thin fibres of calcite replicating the mycelial growth of fungal hyphae [12] .
Root tubules are cemented cylinders around root moulds [21, 38] . This cement consists generally of low-magnesium calcite needles, whose crystals arrange tangentially around the roots producing root tubules, after the roots have decayed completely. The needles, which are encrustated on soon decayed roots, form micritic walls. The formation of root tubules appear to be a centripetal process, which occurs around living or decayed roots. Once formed, these pedofeatures provide conduits for the downward percolating solutions. When the living root within the tubule is no longer viable, then CO 2 levels are going to be reduced. The root starts to decay after its death and releases sugars and proteins into the rhizosphere causing increases in alkalinity. If precipitation of calcite takes place within or on the decaying root, it leads to the preservation of some anatomical marks: the results will be a petrified root surrounded by a root tubule [21] . A comparision may be drawn between these pedofeatures and hypocoatings (according to [3] ), or between the common appearance of hypocoatings and calcified root cells.
Carbonate coatings (CC)
Hypocoatings presumably originate at the same time as dust settlement, but carbonate coatings (Fig. 6) can be formed at any time from the upward or downward percolating bicarbonate solutions [15] . Carbonate coatings are classified among intrusive pedofeatures, which coat natural surfaces of voids and peds, but infill them less than 90% [33] . These pedofeatures appear in cracks, in animal or root channels or around the pores [15] . Some subtypes can be distinguished: carbonate coatings can appear as a thin calcitic membrane on the inner wall of hypocoatings or can compose denser chalky accumulations. The main type is very similar in size and appearance to hypocoatings, but is composed of more equal grains and have white and grey colours.
Certain powder-like, soft coatings and impregnations are also described, presumably with paleocryogenic origin, and are solely connected with the paleosoils [23] . These pedofeatures may have a multiphase origin connected with the high mobility of carbonates, due to the effect of cyclical changes of cold-warm and wet-dry periods. Coatings and impregnations like the above mentioned ones do not belong to the strictly spoken hypocoatings and carbonate coatings, but nevertheless they show kindred properties. That is the reason why the local formation environment and the moisture conditions should always be taken into account. The origin of carbonate coatings could also be distinguished in the following way [12] : on one hand it can be unrelated to biological activity (formed by evaporation or mechanical translocation), on the other hand they can be related to biogenic activity (e.g. some coatings consist of microbial tubules or certain types of needle-fiber calcite).
Needle-fiber calcite (NFC)
In present-day calcareous surface soils and paleosoils as well as in calcretes, needle-fiber calcite (Fig. 7) is a very common type of secondary carbonates [1, 3, 36] . Needle-fiber calcite (NFC) is found in interparticle pores, desiccation cracks as well as in dissolution vugs and fractures, however they rarely completely fill these pores and often form fine interlacing partial infillings [1, 12] . NFCs also occur with hypocoatings, and sometimes also with calcified root cells (Fig. 8) in the pore channels of loess. The common appearance with hypocoatings could indicate the presence of higher plants in the paleosoils [1] . Needlefiber calcite mostly appears in the transition zone of the humic horizon of the surface and the subsurface C zone; where they vanish gradually with the depth. The appearance of needle-fiber calcite is restricted to two horizons: on the one hand for chernozemic soils, and on the other hand for loess. In the lower part of the upper humic horizon of the chernozemic soils a great amount of organic matter can accumulate under relative humid conditions, where the tendency for drying out is lower because the moisture is compensated through the capillary water uplift [3] .
Needle-fiber calcite is composed from calcite or lowmagnesium calcite and ranges in size from a few micrometers in width up to several hundred micrometers in length. The fibers build different types of surface coatings in the pores e.g. random, convoluted or tangential kinds [12, 36] . The NFCs in the mycelium bundles can break through the mucous walls and form convoluted spiral-like structures. After the organic matter is decayed more space will be available and they can form random meshes. The flora and fauna of the soil frequently disturbs these fabrics through breaking the crystals. This disturbance is more effective when the microclimate of the soil is very dry. The growth and movement of roots and fungal hyphae push the needles against the walls of the pores causing coating-like covers. The soil solutions percolating in the micropores (or the evaporating air bubbles) can also rearrange the broken or resettled needles, usually causing a nest-like needle pile on the edge of the pores [36] .
As a matter of fact needle-fiber calcite can be subdivided into three groups in terms of mineralogy and size [36] : 1.) micro-rods (<0.5 µm wide, <2 µm long); 2.) crystals 0.5-2 µm wide, up to 100 µm in length; the most common NFC appearances belong to this category); 3.) needles (between 2-20 µm in width and 30-1000 µm in length). From the morphological point of view two main subtypes can be distinguished [12, 36] : monocrystalline rods and polycrystalline chains. The monocrystalline needles include smooth, single micro-rods (M type), smooth paired rods (MA type) and serrated-edged paired rods (MB type). Polycrystalline chains are composed of rhombohedral calcite joining together in various ways. The morphologies are very similar, but do not seem to be related genetically.
The micro-rod subtype indicates a microorganic origin based on their morphology [25] . Carbonate could have been precipitated around an organic core (i.e. bacterium) due to biomineralization. In terrestrial environments bacteria can adapt themselves to very different biogeochemical conditions and take part in the biomineralization, because their metabolism can act like a mineral catalyst (it increases the medium's pH leading to the supersaturation of soil solutions and causing calcite precipitation [38] ). They are able to mineralize inside the cells and outside the cell walls as well. But it is a yet unanswered question whether the calcification of the microorganisms during their lives or after their death are involved. Microrods appear frequently together with common needle-fiber calcite, where NFCs act as framework for the micro-rod development [25] .
The origin of needle-fiber calcite is connected to organic or inorganic processes generally independent of each other: these pedofeatures may arise from fungal biomineralization or from physicochemical precipitation from the soil solutions [1] . The monocrystalline forms can be connected to direct biological origin, while polycrystalline chains are related to rapid evaporation and desiccation [12, 36] . Physicochemical and biogenic processes may have worked together as helping or inhibiting effects, causing a very variant appearance of needle-fiber calcites [36] . Certain hypothesis state that the precipitation of NFC couldn't be a result of severe evaporation as it is often interpreted, because solely evaporation cannot account for the observed structural changes between the angle of the c axis and the needle lengthening [7] .
Needle morphologies show a very wide range, according to a formation through gradual evolution (starting with the simplest one: the initial rod). Two related shapes could be described [7] : 1.) whisker crystals, which presumably precipitated from slightly supersaturated solutions; 2.) rhomb chains, where the morphology refers to a rapid precipitation followed by a slower crystal growth. These two types are attributed to early diagenetic processes in the soil pores, and in spite of the fact that they are just slightly different in morphology from the NFCs, it is suggested that the term "needle-fiber calcite" should be kept for the original biogenic form and these other two types should be called "epitaxial forms of needle-fiber calcite" [7] .
In many cases in the literature the needle-fiber calcite structures are described with other names. The term pseudomycelia means not just hypocoatings (as interpreted by [12] ), but refers also to calcified fungal structures composed from fibrous and needle-like calcite crystals in a diameter of 1 µm [24] . In great magnification the needle-shaped calcites show individual rhombohedral overgrowths on their surfaces. Rhombohedral chains consisting of coalescent rhombohedral platelets were also described (based on the scanning electron microscope pictures these types could be identified as the monocrystalline and polycrystalline needle-fiber calcite types described by [36] . For more details please see table 1.
The description of pseudomycelium is also similar to the needle-fiber calcite. It forms loose cotton-like meshes (fine needles with a diameter of 1 µm and length of about 60 µm) on the pore walls and surfaces of peds, and in the earthworm channels, respectively [20, 23] .
Previously [36] suggested that the use of the term pseudomycelium (needles simply stacked randomly together) should be ceased, because it is too general. It would be advisable to use uniform terminology (like the one according to [3] ) to avoid the confusions between the different concepts.
Earthworm biospheroids (EBS)
Earthworm biospheroids (EBS or sparitic biospheroids by [3] ; earthworm granules by [12] ) are classed among the group of biogenic crystal intergrowths and are excreted by the calciferous glands of earthworms. The calcium carbonate is firstly deposited in the form of tiny spheroids (in the size of 1-10 µm) in the posterior glands, then moved forwards to the pouches for granule production and released into the gut [8] .
These forms occur generally in the soil matrix and crotovinas, and in some cases in the earthworm casts as well. The calcite excretion of earthworms is based on two grounds: 1.) it could be a method to protect themselves against the calcium-toxicity in carbonaterich soils; and/or 2.) to buffer the pH of their body fluids against the high CO 2 level of the environment by precipitating CaCO 3 [3] .
EBSs have mostly ellipsoidal shapes, with length between 350-1000 µm and width 200-600 µm, in diameter around 0.4-2 mm, and mean weight of 1.5 mg. EBSs are composed from pure calcite crystals with sharpe and smoothly undulating outer boundaries. In some cases their external rim is surrounded by a thin dark layer, presumably rich in organic matter. The fabric of earthworm biospheroids looks mostly like a geode, because it is built up of drusic centripetal calcite crystals with smaller ones enclosing the central core [3] . Many earthworm species produces CaCO 3 in the appearance of 0.1-2.5 mm large granules. It depends partly on the different species and in which type of pattern the aggregates are arranged (radial, parallel or random) [8, 12] . In the typical granules the calcite crystals (in the size of 0.05-0.2 mm, ordered roughly radially) form spheroidal to ellipsoidal aggregates (in the size between 0.5-2.5 mm). Below the size limit of 0.2 mm the distinction of the granules from the other soil minerals and particles raises difficulties: the granules, which are smaller than 0.1 mm are just simple single calcite crystals [8] . The morphological analysis of EBS provides information on the in situ characteristic of the soil-sedimentary complex. During redeposition the biospheroids can break, their outer crystal layer erodes and the surrounding organic coating disappears. From their presence or absence and their condition it could be deduced whether they formed in situ or were redeposited [3] .
Other microscale secondary carbonates
To the other microscale secondary carbonates belong the powdery coatings (PC, powdery dull calcite coatings on ped faces of paleosoils) and the gypsum pseudomorphs (GP, calcite crystals containing sulphur in traces) described by [3] . Unfortunately in the recent literature I was not able to find more reference or data about these features.
Macroscale secondary carbonates: nodules, carbonate concretions, loess dolls
The genesis and structure of the macroscale secondary carbonates have still got unanswered questions, whereas their formation is mostly connected with the processes of leaching in the loess-paleosoil sequences [11] . For the different nodules, concretions and loess dolls diverse classifications exists in the literature, from various points of view. For example carbonate concretions can be classified among the authigenic carbonates [4] . [32] made a descriptive classification on concretions not just from loess-paleosoil sequences. The author also draws a distinction between the terms "nodule" and "concretion". Nodules are variant in shape and size: they range from the small spheroid-like ones (e.g. calcite ooids) to the wide and flat ones (like some cherts) and nodules can also be irregular (e.g. the pedogenic types). They are generally homogeneous and monomineralic, but in rare cases they could also be polymineralic showing a concentric zonation. In buried horizons they can act like a nucleus for subsequent concretional growth. Nodules do not fill pre-existing cracks and do not incorporate clastic material during their growth. Concretions deriving from the cementation of the surrounding sediments frequently have spheroidal or ellipsoidal shapes. Nodules acquire shape during growth, whereas concretions are the result of precipitation from authigenic minerals merging with the clastic compounds of the matrix. Concretions can also be interpreted as fragments of a sedimentary rock just cemented in a different way from its host. In the concretions the central core is surrounded by an outer crust in different width [32] . The concretions of the loess-paleosoil sequences could also be ordered to the so-called "glomerulus" concretions [31] . This term concerns epigenetic concretions deriving from the groundwater. "Glomerulus" forms have spheroidal shapes and are often merged with each other. Their internal structure is presumably concentric or nucleic. As a result of the frequent fusion their external appearance is mostly very diverse offering a possibility for different associations in the description (e.g. loess dolls, Fig. 9 ). According to the determination of [6] the well separated pedofeatures of the soil matrix could be classified by the concentration of their compounds. Nodules are pedofeatures which are not related to natural surfaces or voids of the soil matrix in contrast with the hypocoatings and carbonate coatings [6, 33] . They are more or less equidimensional pedofeatures, which are not composed of single crystals or crystal intergrowth. Nodules have different subtypes based on either the internal (e.g. typic, nucleic, septarian) or the external morphology (e.g. digitate, disjointed) [33] . Typical nodules are isometric or elongated with a regular, not differentiated inner fabric [6, 33] . Nucleic nodules have a foreign core like rock fragments, bioclasts (e.g. mollusc shells), plant rests or fragments of another concretion. These nodules have approximately circular shapes and their core is surrounded by a crust on one hand deriving from impregnation and on the other hand from the growth of calcite crystals around the core [6] . Septarian concretions (Fig. 10) are a very common subtype in loess-paleosoil sequences with their radial crack patterns [6] , where the cracks are getting narrower towards the external boundaries (though [33] determined them to be rare in soils). They are mostly composed of micritic calcite alternating with microsparitic crystals towards the central core [4] . The development of these chamber-like crack systems may also be caused by desiccation of colloids [32] . This septarian structure was also described from concretions in shales [31] , where these concretions can grow around mollusc shells and the cracks may follow the form of the shell as well (in some cases the remnants of the shells would also be preserved). A comparison could be drawn between septarian crack systems in shales and in loess-paleosoil series, in which mollusc shells also can act like a nucleus for the carbonate precipitation and accumulation. For the formation and nature of the carbonate nodules different factors could be responsible, like the texture of the soil, the stability of the soil structure and the occurence of carbonates, clay minerals and organisms, respectively [37] . The nodules occuring in stable soils with diffuse and irregular external appearance can be classified as orthic ones [12] , usually formed in situ and having gradual or sharp boundaries [33] . Disorthic nodules formed also in situ but have been subject to local translocations [33] , these features are characteristic for the Vertisols (the shrinking and swelling of the clay minerals cause the displacement of the nodules) and have sharp boundaries [12] . Allochtonous nodules differ in composition from the soil matrix in which they are incorporated. The final morphology of the nodules is influenced through many factors, like the alternation of the precipitation and dissoultion processes. These factors together could lead to a complex fabric with cavities, cracks or recrystallized parts as well [12] .
Loess dolls are formed in the cavity systems (e.g. around roots or in former root channels) of the soil matrix, which are exposed to the air and in which the low partial CO 2 pressure leads to carbonate precipitation. Presumably the carbonate precipitation prefers the better aired parts of the cavity system, thus the central section. It could also be a possible explanation for the increase of the carbonate content towards the central part of the loess doll. It shouldn't be excluded, that the non-carbonate particles in the cavity system could have been grown with calcite during the precipitation and recrystallization processes [30] . It can be stated, that carbonate precipitation in crack systems with biogenic origin causes the structure to also represent the inner part of the loess doll [11] .
For the different soils covering the loess deposits various loess dolls are characteristic. Loess dolls related to better developed soils (e.g. Chernozems) and hydromorphic soils (e.g. Gleysols) have mostly an irregularly elongated shape with protuberances and smooth surfaces, and are coloured light-greyish. Their inner structure shows 50-100 µm pores and irregular cavities 2 mm in diameter. For mineral soils (e.g. Cambisols) the mostly rounded loess dolls with rough surfaces are typical (their shape can also extend from elongated to angular). The crack system in their internal part takes up more than 10% of the volume of the material and shows septarian structure. In both kinds of loess doll types the density and the carbonate content decreases towards the centre [11, 30] . The elongated loess dolls can differ from each other in the number of main cracks (one or two) running parallel with the longitudinal axis of the loess doll. They are always associated with smaller cracks branching out perpendicular from the main cracks. The cracks cutting through each other inside the loess dolls have various widths, which can be explained by being part of different generations, where the oldest crack is the widest [30] .
Radiocarbon and stable isotopic analysis showed some interesting facts about concretions. Since the literature about soil isotope data is extensive, a detailed discussion about this topic would go beyond the scope of this work. However it is worth citing two examples. [10] found out that larger nodules in the same profile are older than the smaller ones, which are not so well-cemented: the smaller nodules may indicate shorter pedogenic periods. [5] studied Pleistocene carbonate soil nodules, which were strongly influenced by the fluctuation of groundwater table and precipitation. These nodules were composed of densely coalescent micritic, microsparitic or sparitic crystals and had mosaic-like internal structures built up from euhedral or absolutely irregular crystals. The authors emphasize the need to pay attention to the effect of fluctuating groundwaters, which could reset the carbon isotopic composition suggesting that the nodules are now in isotopic equilibrium with the groundwater rather than the coexisting soil organic matter.
Discussion: the environmental significance of secondary carbonates
Secondary carbonates are very sensitive to environmental changes and that indicates why their signals can extend our knowledge about the paleoenvironment. In the Pleistocene during the dust accumulation only patchy vegetation covered the surface (usually with a short growing season) in the periglacial region. Through the formation of the loess horizons biomineralization was always inherited, which means that the microecosystem was moving even higher in the strata according to the velocity of the dust accumulation. This is the reason why microscale secondary carbonates are presented just in lower amounts in the loess deposits [3] .
The uneven distribution of calcified root cells can be explained with slower loess deposition, when dust settled down under a relative dry climate for a surface covered with patchy vegetation. When a pause occured in the dust accumulation the bioturbation could get more intensive and the CRCs had broken forming clusters or left behind as individual crystals [3] . On the other hand calcified root cells indicate the vital function of the plants and the carbonate content of the soil at the same time [15] . Based on the observations no obvious connection was discovered about the common appearance of calcified root cells and hypocoatings till now, but it is not excluded that they originated under different conditions (i.e. seasonal or topographical changes) or they were secreted by different plant species [3] . The various morphology of secondary carbonates is related to the different formation processes, which means that it could be precluded, that it solely depends on the chemical compostion of minerals. For example, based on the literature and scanning electron microscope data it can be excluded, that calcified root cells in loess-paleosoil sequences consist of calcium oxalate. By this means it can also be ruled out, that a probable calcium oxalate content of CRCs could be the reason why they have different morphology from hypocoatings.
Hypocoatings are more aboundant in loess deposits than in calcareous or non-calcareous paleosoils. Nowadays this type is mostly found under arid or semi-arid climate, and in those areas where the groundwater tables are well fluctuating. Hypocoatings indicate dry formation environments and have probably the same age with the dust accumulation. Their presence refers to former patchy vegetation. They may appear together with calcified root cells which could mean also that the various plant species responded in different ways for the environmental changes: the roots of some plants were calcified, but in other cases carbonate was accumulated around the roots. The common appearance of hypocoatings with needle-fiber calcite emphasizes the influence of vegetation during their formation. Although hypocoatings indicate dry formation environments, nevertheless in comparison with calcified root cells hypocoatings refer to moister conditions (with higher moisture content at least periodically; [2, 3] ).
Needle-fiber calcite occurs mostly in the humic horizons because the precondition of their formation is the presence of decaying organic matter: it means that fungi were associated with higher plants, which were penetrating the paleosoil and very likely decomposed the organic matter [1] . Appearance of NFCs in calcareous loess indicates that vegetation was present on the surface during the dust accumulation and at least seasonally enough moisture were available for the saprophyte activity [3] . NFC generally forms in the early phase of the pedogenesis and precipitates as cements or infillings [1, 12] .
The needle-fiber forms derive from the calcification of mycelian sheets, and were released after the decaying of the organic material of fungi. Once released the needles are distributed randomly or rearranged in the vugs and voids [1] . The crystals could have been broken out from the fungal sheaths when dry conditions followed the decaying of the organic matter [38] . The NFCs are preserved until the percolating soil solutions are supersaturated in calcium and bioturbation is less intensive [2, 3] . In other words the preservation of needle-fiber calcite could indicate the lack of leaching (weaker pedogenesis) and/or the climate of the environment (arid to semiarid) [1, 36] .
Excrements in soils can go under ageing, which means the process of alteration results in a loss of the original shape, [6, 33] . From the shape of the earthworm biospheroids in loess-paleosoil sequences a conclusion can be drawn about the erosional-sedimentary rates [3] , because during redeposition the EBS can get disturbed (i.e. appearance of fissures, erosion of external crystal layer, disappearance of organic coating). In loess deposits the absence of earthworm biospheroids indicates higher dust accumulation rates or prolonged water stress (and the former absence of earthworm activity, respectively). Except from the presence of EBS the traces of earthworm activity could not be preserved in paleosoils after the burial (just the crumb structure indicates their former activity while their biochannels are vanished). The appearance of earthworm biospheroids refers to a relative stable soilsedimentary environment, in which the burial was slow without any drastical change in the water balance. For the earthworms the presence of adequate moisture is a very important factor, because the water establishment of their body is poorly developed [3] . In decalcified soils powdery coatings frequently cover clay-and manganese coatings, indicating a change in quantity and chemistry of the percolating soil solutions. PCs refer to dry conditions and non-leaching soil moisture regime, and occur generally under Mediterranean and continental conditions [3] . Gypsum pseudomorphs indicate local climatic changes: for gypsum formation arid conditions are necessary, but when a moister period comes the infiltrating water dissolves the gypsum making way for calcite precipitation [3] . The appearance and distribution of microscale secondary carbonates in different environments could be characterized in the following way [3] :
• Under gradual dust accumulation and patchy vegetation: uneven distribution of calcified root cells, hypocoatings and needle-fiber calcite.
• Absence of or a pause in dust accumulation: denser appearance of CRC, HC and NFC according to the overlying and underlying horizons. Bioturbation has a great role. While the environment is nonleaching, the secondary carbonates remain in this form. The presence of needle-fiber calcite is connected with the more humic horizons and indicates at least seasonally moister conditions. The depth of the appearance of NFC could refer to the extension of the aridity and the seasonal leaching.
• Leaching environment: secondary carbonates are partially or totally dissolved. In the case of total dissolution their absence is traceable to a certain depth indicating the intensity and dynamics of leaching. When a switch from the leaching environment into a non-leaching environment takes place, the secondary carbonates will appear again on both sides of the decalcification boundary (i.e.
in the decalcified matrix as well, like the powdery coatings).
• Gradual dust accumulation again: uneven distribution of CRC, HC and NFC.
Besides the microscale secondary carbonates the macroscale ones also provide valuable information on the paleoenvironment. These types occur in various sizes and shape both in the loess and the paleosoil horizons. Concretions appear frequently under the paleosoils, which could very probably be related to leaching: the carbonate is leached out from the paleosoil horizon and accumulates in the underlying loess. Through the addition of more precipitated carbonate the infiltrating solutions result the growth of the concretions. The position of the concretions in the strata provides information on the leaching processes [18, 28] .
Concretions are present in a more significant amount in the horizons which were developed under decreasing dust accumulation rates and relative stable surfaces (probably under moister conditions). Compared with the dry conditions of the dust accumulation soils developed under moister conditions. This caused a weak leaching conducive to the dissolution of concretions besides the bioturbation: the surface of the concretions became more irregular with palmate solution forms. This is the reason why partially dissolved concretions are found in decalcified zones. A part of the dissolved carbonate could precipitate again in the lower parts of the profile in the form of calcitic segregation forms or coatings [17] . Based on the comparison of crystal forms and size a common origin of calcitic nodules and the CC-DH-type (compound calcitic coating and depletion hypocoating, [17] ) had been suggested: the undisturbed and the partly disintegrated calcitic coatings and infillings, and the calcitic nodules respectively (in clusters or individually), may demonstrate the different phases of the destruction effect of bioturbation [17] . But presumably it is not the only reason why common features could be found, it is very likely that at the junction of hypocoatings (e.g. when they are originated around branching roots) a larger surface is available for the precipitation from the percolating solutions. The higher carbonate concentration could cementate hypocoatings together, which will act like a nucleus for later precipitation. It could also be a way of concretion formation. Hard carbonate nodules which show an irregular shape could have been gone through a dissolution process, which is supported by the presence of recrystallized parts (elongated larger crystals occur in the pores). The dissolution and recrystallization together may be responsible for the changes of the external appearance, size and fabric of the nodules [20] . The degree of micromorphological differences in the texture of the nodules and concretions could refer to the stages of the soil development and provide information on the soil material in which they are formed [37] .
The carbonate content of the loess dolls accumulates mostly around a condensation core, which acts like a crystallization nucleus (i.e. like mollusc shells, silicate grains). On these features carbonate could adhere more easily causing a growth in the size of the concretion. Sometimes loess dolls are formed at the junction of cracks, so at the meeting point of the flowing carbonate-rich solutions. Their diverse structure provides information on the formation conditions.
The mostly deformed and crystallized nodules have lower carbonate content than the less deformed ones. In those loess deposits and paleosoils, where quite transformed concretions can be found, a strong leaching could have taken part, but the amount of percolating water was not enough to dissolve the concretions totally. Nodules and concretions always refer to a multiphase history of the carbonate profile development [20] .
With the help of the different dating methods, the age of the loess dolls can be determined according to the host strata. It means a feedback for the leaching and carbonate accumulation processes. The concretions with the same age comprise one generation, with different size and shape in compliance with the depth.
Maybe the forms of the loess dolls are interrelated with the changes of the climate and vegetation (and the soil biota as well), nevertheless it is quite sure that hydromorphic processes play a great role in the formation of their surfaces [30] .
Conclusions
As a summary it can be stated that with the comparision of the paleoenvironmental signals of the various secondary carbonates a valuable, more detailed description is available for the loess-paleosoil sequences. This information can be compared with the results of other methods to confirm or contradict other investigations. In certain cases they can produce evidence to unanswered questions.
The determination and description of secondary carbonates requires a consistent nomenclature which helps to avoid the incorrect and disordered use of certain terms. In this regard the aim of this study was to support the general use of the proposed nomenclature introduced by [3] , through comparision with a wider literature and complement with the macroscale secondary carbonates. Calcified root cells [16, 20, 24] Rhizolith Calcite crystals filling totally in the root cells and acting like a pseudomorph of the root tissue [30] Rhizoliths are developed around rootlets, penetration of living roots in a form of tubes of loess cemented by carbonate crystals, usually micrite in size [24] Collective term for the organo-sedimentary structures which result in the preservation of roots, or remains thereof in mineral matter [9, 12, 21] Rhizoliths are formed by encrustation of plant roots by secondary carbonates [14] Rhizocretion Thin tubes usually lined by micrite and/or filled with root fragments or calcified cells, and fine irregular concretions with tubelike empty holes, respectively [4] Pedogenetic mineral accumulations (low-Mg calcite) around plant roots, with micritic walls. Encircling the roots or filling totally in the space, where the former root took place [21] (Macro-hypocoatings: carbonate accumulations occuring along root channels with equal thickness and opened central channel [2] ).
